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Abstract 
Abstract: Competitive sports techniques can be modeled as a many-layered pyramid.  The most advanced competitive state ± i.e. 
the apex of the pyramid ± LVZKDWZHFDOOWKH³6SRUW)URQWLHU7HFKQLTXH´6)76L[LPSRUWDQWIHDWXUHVDQGGHYHORSLQJWUHQGVRI
sport frontier technique innovations are found and discussed in this research. 
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A questionnaire was sent to sixty-four (64) experts in eight (8) different sports ± artistic gymnastics, diving, 
rhythmic gymnastics, table tennis, volleyball, track and field, swimming and weight lifting.  These experts, 
including Li Furong, Gao Jian, Deng Ruozeng, expressed their opinions about the outstanding features and 
developing trends of the modern sport frontier technique innovation in order of importance.   See Fig.1 
 
 
Fig. 1. Order value result through statistical processing [1]: 
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Fig. 1 is a weight value analysis about the sports frontier technique features.  A-class, including 6 most important 
SFT features, can be intercepted by taking value 78.18%, B-class, including the middle 3 features, can be 
intercepted by taking value 95.39%, and C-class including the last 2 features can be intercepted by taking value 
100%.  The above 6 most important A-FODVVIHDWXUHVVXSSO\WKHDXWKRUDORJLFDOEDVLVWRLQLWLDOO\GHILQLWHWKH³6SRUWV
)URQWLHU7HFKQLTXH´ DV WKLV 6SRUWV )URQWLHU7HFKQLTXHV 6)7 DUH WHFKQLTXHV XVHG E\ DWKOHWHV WR SHUIRUP DW WKH
highest level in their sport.  Such techniques have the following features: high unique skill of technical style, high 
athletic of key competitions, high innovation of technique form, high difficult of the technique element, high input 
of research & development and high orientation of driving technique innovation. 
1. High Unique Skill of Technique Style 
A high unique skill of technique style is listed as the first among all the features of modern sports frontier 
techniques.  One such unique technique is the Fosbury Flop.  The Fosbury Flop is the most advanced technique used 
for high jump.  The run-up is considered the most important part among all technical links.  Currently, world-class 
jumpers often have their own clear personal style.  For instance, world champion Zhu Jianhua, who once set three 
consecutive world records within a single year, has a distinctive style with a quick run-up and quick takeoff.  
Specifically, Zhu Jianhua particular technical style for the high jump is as follows: 
 Run-up is very quick.  The last 6 step reach to 8.73 meters/sec. 
 Small run-up stride.  The average stride among the last few stride is 1.825 meters 
 Short support when takeoff, 0.173 sec.  
 Quick vertical velocity after take-off.  Reach to 5.217 meters/sec. 
 Quick over-bar-movement.  Horizontal velocity reaches to 2.40 meters/sec. 
 
=KX¶VDERYHVSHFLILFDWLRQV [2]  were much higher than that of other world-class high jumpers at the time, and his 
FRUUHVSRQGLQJWHFKQLTXHOHGWKHZRUOG7KHVLJQLILFDQFHRI=KX¶VWHFKQLTXHQRWRQO\PDNHKLPEUHDNWKHKLJKMXPS
world record three times in a row, but also strongly proved the superiority and great potential of the Fosbury Flop 
technique, which finally supplanted the Straddle technique as the preferred technique for world-class high jumpers. 
 
Table tennis techniques can be classified into five categories, twelve sub-types total, based on their technical 
features, methods, and rackets.  Each technical type has already formed its clear characteristics and set up the 
WHFKQLFDOV\VWHPRILWVRZQDWEDOO¶VVSHHGIRUFHURWDWLRQplacement, etc. While different individuals even if with 
same type technique still has personal focus on the speed, force, rotation or placement, manifest his skills in unique 
and exciting ways that others cannot imitate, and form his unique personal technical style. This results in a dynamic 
and high scoring performance. See table 1. So we can say that the table tennis competition is a contest not only at 
WHFKQLTXHVWUHQJWKEXWDOVRDWSOD\HU¶VSHUVRQDOWHFKQLFDOVW\OH/L)XURQJZKHQDVNHGWKHHIIHFWDIfected by ether 
technical types or personal technical style for contesting the world champion, answered that the rate is 30% to 70%, 
from which we can see the function brought into play by the personal technical style in world top level contests. 
Table 1. Some typical table tennis techniques and personal technical style [3] 
Technical categories Technical features  Personal technical style  
Quick attack near table Fast, accurate, fierce, changing, rotating  Fast with changes, quick with fierce 
loop drive Rotating ,quick, accurate, fierce and changing  Fast with changing, steady with fierce  
Chop  Rotate, steady, low, offensive and changing  Steady with fierce, rotate with changing  
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China has maintained its world leadership in table tennis for over 40 years.  One of the lessons of the success is 
YLJRURXVO\ HIIRUW DW SOD\HU¶V XQLTXH VNLOO RI SHUVRQDO VW\OH )RU LQVWDQFH &KLQD QDWLRQDO WHDP JUHDWO\ FDUHV WKH
training of the first three panels for the offensive players to set up their technical excellence of serve-storm, through 
ZKLFK&KLQDJUDGXDOO\HVWDEOLVKHGLWVXQLTXHDGYDQWDJHRI³GHIHDWRSSRQHQWZLWKLQWKHILUVWWKUHHSDQHOV´6W\OHLVDQ 
DOPRVW XQGHILQDEOH FKDUDFWHULVWLF RI SHUIRUPDQFH EXW PRVW SHRSOH NQRZ ³VW\OH´ ZKHQ WKH\ VHH LW  ([FHSWLRQDO
stylish performance cuts across national, culture and ethnic borders. 
2. High Athletic of Key Competition  
Spots frontier techniques discussed in this paper are the highest level in the whole technical system.  The 
competitors are the world level athletes. AthletiFJRDO LV HYHU\ HYHQW¶V RQO\ZRUOG FKDPSLRQ7KH DUHQD LVZRUOG 
class competition. So the athletic technical core must be the contest of the most frontier techniques. The competitive 
benefit appears to be very prominent. Fig. 2 shows the historical trace of four techniques on high jump: their 
innovations time, continuous years, achievements and eliminated by the better ones.  
 
Fig. 2. High jump technique innovations and their achievements [4] 
The new frontier techniques usually appear to effectively constrain the techniques existing at frontier area to get a 
better competitive benefit. The relationship between the techniques is to constraints and anti-constraints. 
 
In developing table tennis frontier techniques, the technical mutual restraint is realized through five physical 
factors of the ball stroked: speed, rotation, force, placement and arc. Technical development, from a specific sense, 
is to improve the level of a certain factor, the combination of some factors and the entirety of all factors.  For 
instDQFHWKHEDOO¶VVSHHGLVDUHVWUDLQWIRUDOORWKHUIDFWRUV $SOD\HUPXVWZLWKLQ-0.3 second, select the strike 
point, adjust the racket, decide the force direction, and strike the ball to make it impossible for the opponent to 
defend.  The strategy SUHIHUUHGE\&KLQD¶VWDEOHWHQQLVRUJDQL]DWLRQXVHV³EDVHGRQIDVW´DQG³ZLQQLQJZLWKIDVW´DV
LWV JXLGLQJ LGHRORJ\ IURP ZKLFK WKH WHFKQLTXH RI ³FORVH WR WDEOH DQG IDVW DWWDFN´ ZDV GHYHORSHG  7KLV QHZ
technique has made an enormous impact in the internatLRQDOWDEOHWHQQLVZRUOG8VLQJWKLV³FORVHWRWDEOHDQGIDVW
DWWDFN´WHFKQLTXH&KLQHVHSOD\HUVKDYHHIIHFWLYHO\FRXQWHUHGWKH³URWDWLQJGRZQFKRS´DQG³URWDWLQJXSORRSGULYH´
techniques used by other teams. 
 
In difficult and aesthetic events such as artistic gymnastics, rhythmic gymnastics, and diving, the frontier 
techniques are clearly written within the code of points governing the scoring system within the sport.  The most 
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difficult elements and their connections have the highest value.  The quantity, quality and the connection of the 
frontier techniques of a routine embody the mark of whether it possesses a world-class level. 
3. High Innovation of Technique Form 
As a period with the fullest of vigor in international sports development, the recent half century can be 
VXPPDUL]HG DV D ZRUG ³LQQRYDWLRQ´ $PRQJ DOO WKHVH LQQRYDWLRQV VXFK DV WUDLQLQJ WKHRU\ PHWKRG VSRUWV
gymnasium, and facilities, etc., the core is the frontier technique innovation.  
 
     The innovation of sports frontier techniques, no mDWWHULW¶VLQFUHPHQWDORUOHDS-style, all appear with novel forms. 
These new forms are either further improve or re-creation of the existing techniques or appear as a totally new 
modus, initiate a shock to the whole technical system, and start a new round of technical sublimation.  It is because 
of the new form and structure that new athletic functions are produced and new advancement of achievement are 
SURPRWHG,WLVEHFDXVHLW¶VQHZWKDWPDNHVLWLPSRVVLEOHIRUWKHRSSRQHQWWRGHIHQGDQGEHFRPHDPDJLFand secret 
ZHDSRQWRZLQ$QGLW LVEHFDXVH LW¶VQHZ WKDWD WHFKQLFDO³JDS´ LV IRUPHGEHWZHHQ WKHPRQRSRO\DQGZHDNDQG
makes the strong competitors stay in champion throne for a time. 
 
Since 1950s, series of new techniques and tactical of fast attack appears in international volleyball world. The 
innovations made a great use of and recombine of many factors in time, space, and structure, and generate rich 
WHFKQLFDODQGWDFWLFDOIXQFWLRQVVXFKDVWKH³WLPHGLIIHUHQFH´³VSDFHGLIIHUHQFH´DQG³SRVLWLRQGLIIHUHQFH´7KHVH
new techniques effectively speed up the attack rhythm, play an active role in making opponent defensive confusion, 
breakthrough opponent block and attack opponent vulnerability. 
 
Technical innovation is clearly required and encouraged by the code of points in events with technical highlights 
like artistic gymnastics, rhythmic gymnastics, acrobatics, trampoline, and diving, etc.  The new elements are named 
after the athletes who complete them first by the international federation. For instance, the element Triple Salto 
Backward Tucked was named after Liukin when it was first completed by him in 1987. Certain difficult elements 
are listed in the element table even before anyone has ability to complete them. Such new elements distinguish an 
athleWH¶V URXWLQH RU SHUIRUPDQFH IURP RWKHU FRPSHWLWLYH DWKOHWHV ZKLFK EHFRPHV WKHLU PDJLF ZHDSRQ WR ZLQ LQ
competition.  Such innovation is considered the lifeblood of development for these events.  
4. High Difficulty of Technique  
The high difficulty of technique innovation prominently exists in daily technical training and application of the 
technique in the complex competitive circumstance. The questionnaire result shows that the experts placed the 
³HOHPHQWGLIILFXOW\´ LQSULPDU\SRVLWLRQZKHQ WKH\ UHVHDUFKHG the wining law for China Olympic gold events of 
divLQJZRPHQ¶VDQGPHQ¶VDUWLVWLFgymnastics. 
 
Fig. 3. The routines difficult curve of world gymnastics event champion 1976-1996[5] 
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The international diving code of points makes each element a difficult coefficient, which actually is the 
TXDQWLWDWLYHUHIOHFWLRQRIHOHPHQWGLIILFXOW\GHJUHH7KLVFRHIILFLHQWLVJLYHQEDVHGRQHDFKHOHPHQW¶VJURXSHYHQW
equipment height㧘body position, salto and twist degree, etc. Since the final score is the product of the sum of 
VHYHUDO PLGGOH MXGJHV¶ YDOLG VFRUHV DQG WKH FRHIILFLHQW WKH HIIHFW RI GLIILFXOW\ FRHIILFLHQW IRU WKH ILQDO VFRUH LV
multiples. And this means that the battle for champion is first the battle for difficult coefficient.  
 
Federation of International Gymnastics has made many major changes in its Code of Points. These changes 
mainly focus on the cognition and judgment for the element difficulty development. At beginning of the 1970s, the 
most difficult elements are Cs which difficulty value is 0.3. Today, 40 years later, the element difficulty has gone up 
4 steps. The most difficult elements are Gs which value is 0.7 now. 
 
,Q SDFH ZLWK WKH GHYHORSPHQW RI HOHPHQW GLIILFXOW\ WKH DWKOHWH¶V UHTXLUHPHQW IRU PDVWHULQJ PRUH DQG PRUH
difficult elements is also increasing. And this requirement is irreversible in the current international sports situation. 
Once a new difficult element emerges, sportsmen begin to research its technique, adapt themselves and try to master 
it as soon as possible. They then try to develop more difficult elements.  
5. High Input of Research & Development 
)URP WKH YLHZ RI WKH ZKROH VSRUW WUDLQLQJ V\VWHP WKH SURSHU XQGHUVWDQGLQJ RI ³KLJK LQSXW RI UHVHDUFK DQG
GHYHORSPHQW´ VKRXOG LQFOXGH KLJK LQYHVWPHQW IRU WUDLQLQJ WLPH WUDLQLQJ HQHUJ\ FKoosing talented athletes and 
financial support, etc. 
Any training activities, no matter what kind of form, occur in a certain time period. And all sports training 
activities, no matter how long the span of the time period, closely link with the passage of time and transfer of the 
phase. It can be said that the time invested for developing and keeping the frontier technique is pretty huge. From 
the view of the age feature of the world-class athletes in their whole sports training, it varies from 6-10 years or as 
many as 8-10 years from enlightenment training to world level. It takes about 10 years to maintain the best athletic 
level till the retirement from competition. 
The development and training of sports techniques need a large number of talented dedication.  The athlete age 
structure of all sports events likes a pyramid, which only with a wide base can have a higher and sharp spire. While 
it is always true that there is only one champion in competition. Fig. 4 may simply let us feel this dynamic structure 
of the talent putting in and out. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Age structure graph of man gymnasts of Beijing and other 6 provinces [6] 
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³,QSXW´DVDFRQFHSWPRUH UHIHUV WR WKHHFRQRPLF LQYHVWPHQW3K\VLFDO HGXFDWLRQDQGVSRUWVDUH VRFLDOZHOIDUH
XQGHUWDNLQJV$Q\FRXQWU\¶VVSRUWVGHYHORSPHQWLVEDVHGRQLWVHFRQRP\1DWLRQDOILQDQFHLVFORVHO\UHODWHGWRLWV
sports input, which is an important means for the government to administer and develop sports. Economic input 
includes national financial investment, local government investment, social financial and incentive funds, etc. and 
this input goes higher and higher as time goes on.  
6. High Orientation of Driving Technique Innovation 
Sports frontier techniques, like a lighthouse on a technical pyramid, navigate the development of the whole 
technical system. Since the frontier technique is often the first appeared in the international arena with high 
athleticism of key competitions, high innovation of technique form and high unique skill of technique style, etc. its 
influence must be large in spatial extent, fast in its speed, broad and far-reaching in its consequence and exciting and 
inspiring in its impression. 
2QHVXFFHVVIXO IURQWLHU WHFKQLTXH LQQRYDWLRQPD\RSHQQHZKRUL]RQV LQSHRSOH¶V WHFKQLFDOFRQFHSWVEUHDN WKH
previous insurmountable psychological barriers and quickly rise to the relevant experts and scholars to research and 
analysis. Then the technique will be imitated and used by coaches and athletes and become universal and further 
developed. 
In development history of sport technique innovations, we can find some special technology terms that have 
epoch-PDNLQJ VLJQLILFDQFH VXFK DV ³D FHUWDLQ WHFKQRORJ\ WUHQG´ RU ³sRPHRQH¶V WHFKQLTXH HUD´7KLV LV GXH WR D
certain outstanding development of frontier technique that leads to the result of a new developing direction or 
technique generation. See fig. 5.  
 
 
 
 
  
 
 
 
 
 
 
Fig. 5. Frontier technique navigation for technical innovation and development [7] 
Acknowledgements 
I want to thank my friends Scott A. Schaffer and Doug Hills for their suggestions and  ideas for this paper. 
References 
[1] Cimin Liang On Frontier Technique of Competitive Sport, Beijing Sport University Press, Beijing, 2001, p.33-34 
[2] Changyun Xu  High Jump, On Success Law of China Advantage Sport Events, Chief editors:Yalong Xie, Ruying Wang, 3HRSOH¶V6SRUW
Publisher, Beijing, 1992, p 545 
[3] Xiuwen Wu, Yingqiu Zhang. Techniques and Tactical of  Top Table Tennis Players, Beijing Sport University Press, Beijing,1993,p.110 
[4] Cimin Liang On Frontier Technique of Competitive Sport, Beijing Sport University Press, Beijing, 2001, p.46-48 
[5] Cimin Liang On Frontier Technique of Competitive Sport, Beijing Sport University Press, Beijing, 2001, p.64-67 
[6] Cimin Liang: Study on the Dynamic Change of Element Difficulty Level and Age Structure of Men Gymnasts Sport 
Science  No. 4, 1993;  On Frontier Technique of Competitive Sport, Beijing Sport University Press, 2001, p. 72-73 
[7] Cimin Liang: On Frontier Technique of Competitive Sport, Beijing Sport University Press, 2001, p.82- 83 
 SFT 
onrush
Frontier 
extend
 SFT 
onrush 
Frontier 
extend 
SFT onrush Frontier 
extend 
Effort for technique development 
Technique developing level 
3422 C. Liang, M. Tian / Procedia Engineering 2 (2010) 3417–3422
